INTRODUCTION
The ability to reduce elemental sulfur in the course of growth is common among thermophilic microorganisms. Extremely thermophilic archaea comprise both lithotrophic and organotrophic sulfur-respiring organisms, as well as fermentative organisms which use sulfur only as the external electron sink (13) . Among thermophilic bacteria, the latter type of metab-
The EMBLaccession numbersfor the 165 rDNAsequences of D. multipotens, strain K-I lgT and strain U-8T are Y16943, Y16941 and Y16942, respectively. olism predominates, being found in the extremely thermophilic genera Thermotoga and Thermosipho (6, 12), as well as in moderately thermophilic organotrophic anaerobes (4) . Moderately thermophilic, sulfur-respiring bacteria are represented so far only by the genus Desulfurella (3, 8) . The type species of this genus, Desulfurella acetivorans, is an obligate anaerobe capable of lithotrophic growth with molecular hydrogen and elemental sulfur; it also oxidizes acetate and saturated fatty acids via sulfur reduction. Here we present the description of two new strains, isolated from continental hot vents of the Kamchatka peninsula.
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METHODS
Sampling sites. Samples used in this work were obtained from Kamchatka thermal areas in 1994. Samples from one of the Pauzhetka hot springs consisted of a Thermothrix thiopara-like organism (9, filaments of which were covered with precipitated elemental sulfur. The pH of the water was around 6.5, and the temperature of the sampling site was 72-78 "C. A sample of the cyanobacterial mat was taken from Uzon caldera hot pond, which had a pH of 6.2 and a high sulfide concentration (up to 38 mM). Elemental sulfur was suspended in the water and precipitated between the layers of cyanobacteria (2) . The temperature of the mat was Enrichment, isolation and physiological tests. Enrichment and pure cultures of thermophilic sulfur-reducing bacteria were obtained using anaerobically prepared medium of the following composition (mg 1-l): NH4C1, 330; KC1, 330; KH,PO,, 330; CaC1,. 2H,O, 330; MgCl, . 6H,O, 330; yeast extract, 100; Na,S . 9H,O, 500; NaHCO,, 1500; resazurin, 2; trace elements solution (l), 1 ml 1-l; vitamins (16), 1 ml 1-l. Elemental sulfur was added as flowers of the sulfur aqueous suspension at a final concentration of 10 g 1-l. Organic growth substrates were added at 0.5% (w/v). Possible electron acceptors were added at 0.2 % (w/v). The pH was adjusted with 5 M H,S04 or with 5 M NaOH. After dispension to 15 ml Hungate tubes with screw caps, the head space (5 ml) was filled with N,/CO, gas mixture (8:2, v/v). When molecular hydrogen was used as substrate, the head space (10 ml) was filled with H,/CO, gas mixture (8 : 2, v/v). Inoculated tubes were incubated at 55 "C. Tests for growth with ferric iron as an electron acceptor were done in sulfide-free media with 15 mM ferric citrate replacing the elemental sulfur. A 10 YO (w/v) solution of ferric citrate pentahydrate was separately autoclaved under N,. 0.5 ml were added to 10 ml medium and the medium pH readjusted to 6.2 with sterile 2 M NaOH. No reducing agent was added. Analytical methods. The cell density was determined by direct cell counting in a light microscope. Gaseous and liquid fermentation products were detected by GLC (8). Hydrogen sulfide was measured by a colorimetric method (14) . Morphological and ultrastructural studies. The morphology of cells was studied with a light microscope (MBI-11). Electron microscopy methods were described previously (3).
Genome characterization. Determination of the G + C content of the DNA and DNA-DNA hybridization were carried out according to previously described methods (8) . 165 rDNA sequence determination. Genomic DNA extraction, PCR mediated amplification of the 16s rDNA and purification of PCR products was carried out as described by Rainey et al. (10) . Purified PCR products were sequenced using the Taq DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems) as directed in the manufacturers protocol. Sequence reactions were electrophoresed using the Applied Biosystems 373A DNA Sequencer. The 16s rDNA sequences were aligned manually against the previously published 16s rDNA sequence of D . acetivorans (1 1).
48-63 "C.
RESULTS
Enrichment and isolation
After 3-5 d incubation at 55 "C, bacterial growth was detected with acetate and propionate as organic growth substrates and elemental sulfur as electron acceptor. In both cases, growth was accompanied by abundant sulfide production. In acetate-utilizing enrichment cultures from the Therrnothrix-associated community, short motile rods predominated. From this enrichment, a pure culture of an acetate-utilizing organism, designated K-1 1 9T, was isolated by serial dilution. In propionate-utilizing enrichments from the cyanobacterial mat, large coccoid cells and short rods were present. In subsequent enrichments, only the short rods remained. Propionate-utilizing rods from this enrichment were isolated by serial dilution, and the strain was designated U-ST. The purity of both cultures was checked by microscopy of cells after the incubation in non-selective glucose-and peptonecontaining media. Further checks of the purity were made during the physiological studies of growth on a variety of substrates as well during the molecular studies.
Morphology of the new isolates
Cells of strain K-1 19T were short rods, single or in pairs, motile with one polar flagellum (Fig. la) . The size of the cells varied in the range 1-5-2.0 x 0-5-0.8 pm. Spores were never observed. The cell wall had a typical Gram-negative structure. Cells of strain U-ST were short rods measuring 1.5-2.0 x 1.0 pm and were devoid of flagella (Fig. 1 b) . However, numerous pilus-like structures were observed on the surface of the cells (Fig. lc) .
Growth characteristics
Both strain K-119T and strain U-ST grew only after reduction of the medium with sodium sulfide. Growth of the strain K-1 19T occurred between 40 and 70 "C with an optimum at 54 "C; the pH optimum was at 6.9-7.2. Strain U-ST grew in the temperature range 33-63 "C with an optimum at 55 "C and at the same pH optimum as for strain K-1 19T. Strain K-1 19T was found to be able to grow on H,/CO, gas mixture, acetate, pyruvate, lactate, fumarate, malate, palmitate or stearate as electron donor and carbon source in the presence of elemental sulfur. The only products detected were H,S and CO,. Glucose, sucrose, starch, peptone, yeast extract, formate, propionate, butyrate, caproate, benzoate, hexadecane, succinate, ethanol or methanol did not support growth in the presence or the absence of elemental sulfur. Strain U-8T could utilize propionate in addition to all the substrates utilized by strain K-1 1 9T. No growth of strain K-119T on any energy substrate occurred in the absence of elemental sulfur. Sulfate, sulfite, thiosulfate, nitrate, malate, fumarate, ferric iron were tested as possible electron acceptors. None of them allowed significant growth. In contrast to strain K-119T, strain U-ST was able to use thiosulfate as an electron acceptor. It was also able to grow on pyruvate in sulfur-free medium. Both strains grew well on mineral medium without the addition of yeast extract. In optimal conditions, with acetate as the growth substrate, strain K-1 19T grew up to a cell density of lo8 cells ml-l, with a doubling time of around 2.5 h. Strain U-8T growing in optimal conditions on propionatecontaining medium reached the same cell density, but its doubling time was 5 h.
Genome characteristics
The G + C content of the DNA of strain K-1 19T was 
DISCUSSION
For many years, the reduction of elemental sulfur as the major process of energy conservation was considered to be a feature of only one bacterial genus, Desulfuromonas (9) . Recently, three representatives of a new mesophilic genus, Desulfuromusa, which are able to oxidize a wide range of organic acids and alcohols in the course of elemental sulfur reduction, were described (7).
Elemental sulfur is a common component of volcanic environments and plays an important role in the anaerobic carbon cycle. Moderately thermophilic sulfur-reducing bacteria are widespread in submarine and continental hot vents (4). However, so far only two isolates have been characterized in detail; these are D. acetivorans, the type species of the genus Desulfurella (3), isolated from a Kamchatkan cyanobacterial mat, and Desulfurella multipotens (8), obtained from bottom deposits of Green Lake (Raoul Island, New Zealand). The ability of D. multipotens to utilize butyrate was the main phenotypic feature differentiating it from D. acetivorans. The DNA-DNA hybridization of the two organisms was found to be 69 %, which is borderline for the designation of a new species.
The new isolates from Kamchatka possess several features common to the genus Desulfurella : their cells are Gram-negative short rods, they are obligate anaerobes and neutrophilic moderate thermophiles ; their main catabolic reaction is the reduction of elemental sulfur to hydrogen sulfide via the complete oxidation of several characteristic growth substrates : molecular hydrogen, acetate and saturated fatty acids.
Comparison of 16s rDNA sequences of D. multipotens, the new isolates and D. acetivorans confirms their affiliation to the genus Desulfurella. All strains have very high 16s rDNA sequence similarity and are members of the distinct lineage previously represented by the single species D. acetivorans (1 1). In spite of the high 16s rDNA similarities between these strains, DNA-DNA hybridization studies show that they represent distinct species (1 5). DNA-DNA crosshybridization showed that the new isolates differ significantly from D. acetivorans (40-55 YO hybridi- zation) and from each other (32 % hybridization). On the basis of the strains investigated in this study, it is clear that 16s rDNA sequence data are useful in assigning new isolates to the genus Desulfurella but has limited use in the differentiation of strains at the species level.
However, there are several important morphological and physiological differences which distinguish the new isolates from the type species D. acetivorans and from each other ( Table 1 ). Strain K-1 19T is able to utilize a much wider range of substrates than known for D. acetivorans and D. multipotens. Apart from utilization of the typical substrates for Desulfurella, it also carries out the complete oxidation of lactate, fumarate, malate and pyruvate. Differing from all the other strains of thermophilic sulfur-reducing bacteria, cells of strain U-8T are non-motile, possess pilus-like structures, but not flagella. This strain is able to utilize the same range of substrates as strain K-1 19T and, in addition, propionate. Another important distinguishing feature of this strain is its ability to grow in sulfurfree medium with thiosulfate as the electron acceptor, or even without any acceptor if pyruvate was present as growth substrate.
The results indicate some morphological and physiological differences between moderately thermophilic sulfur-reducing bacteria, belonging to genus Desulfurella. Similarly, representatives of the mesophilic genus Desulfuromusa, though closely related on the 16s rDNA level, differ in phenotypic features and have low levels of DNA-DNA hybridization (7).
On the basis of the data presented we propose the emendation of the genus Desulfurella and to include two new species : Desulfurella kamchatkensis, with the type strain K-1 lgT, and Desulfurella propionica, with the type strain U-8T. 
